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Abstract. We report on a measurement of the differential and total cross sections of inclusive production 
of H*resonances in S _ - nucleus collisions at 345 GeV/c . The cross section for inclusive H? 830 production 
is about a factor of 5 below that of H^ 320 hyperons. The products of cross section and branching ratio for 
the observed channels H? 690 — > H~7r + , H^ g20 — > H? 530 7r _ and H^ B0 — ► H? 53 q 7r~ are lower by yet another 
order of magnitude. The Hj~ 820 and H^jq resonances show significantly harder xf and p t distributions than 
H~ and H? 530 hyperons. A comparison of the ZF-distribution to PYTHIA and QGSM predictions provides 
only a partial agreement. 
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1 Introduction 

The production of the ground state hyperons and also of 
their antiparticles has been studied extensively in previ- 
ous experiments, using neutron, protons and S~ as beam 
particles with momenta ranging up to 600 GeV/c |l| §]. 
In a recent paper |j| we have reported cross sections for 
inclusive production by E^and 7r _ of 345 GeV/c and 
by neutrons of 260 GeV/c mean beam momenta. These 
measurements confirmed the important role of the valence 
quark overlap between the beam projectile and the pro- 
duced baryon at high xp, the 'leading particle effect'. 

Only few data exist on the production of excited hy- 
peron resonances in such beams Mfl0l|lj| . In ref . |ll[ a dif- 
ferent Xf behaviour for S° and 3i53o was reported. This 
difference between the octet and the decuplet baryons was 
nicely reproduced in terms of the quark-diquark cascade 
model [^2) . Within that model this feature is related to the 
diquark structure of the incident and produced baryons. 

Here we extend this study for the first time to or- 
bitally excited baryons and present cross section measure- 
ments for S° 530 , S° 690 , S7/ 820 and S7/ 950 production by S" 
of 345 GeV/c mean momentum. The results on the in- 
dependence of the cross sections and on the ratio of S* and 
S~ production will contribute to a better understanding 
of the complex process of hadron production in hadron 
beams. Furthermore, these data may help to explore the 
role of higher resonances for the spectral distributions of 
multiply strange hyperons which have recently been sug- 
gested |l3|] as an important diagnostic tool for the early 
freeze-out stage in ultra-relativistic heavy ion collisions. 



2 Hyperon beam and experimental apparatus 

The hyperon beam was derived from an external proton 
beam of the CERN-SPS, hitting a hyperon production tar- 
get placed 16 m upstream of the experimental target. Neg- 
ative secondaries with a mean momentum of 345 GeV/c 
and a momentum spread a(p)/p « 9% were selected in a 
magnetic channel. The production angles relative to the 
proton beam were smaller than 0.5 mrad. At the exper- 
imental target, the beam consisted of 7r~, K~, £~ and 
S~ in the ratio 2.3 : 0.025 : 1 : 0.008. A transition ra- 
diation detector (TRD) made of 10 MWPCs interleaved 
with foam radiators allowed tt~ suppression at the trigger 
level. Typically, about 1.8 • 10 5 E~ and 4.5 • 10 5 ir~ were 
delivered to the target during one SPS-spill, which had an 
effective length of about 1.5 s. More details can be found 
in @. 



Particle 


Mass 


Width 


CData 


CMC 


A— >p7T~ 

ET^A7r~ 
fi-^AK- 

"1530 
"1820 
"1950 


1115.7 ±0.1 
1321.0 ±0.1 
1672.5 ±0.9 
1532.2 ±0.5 
1817 ±3 
1955 ± 6 


9.1 

23 ± 13 
68 ±22 


1.93 
2.68 
2.4 
3.7 


1.62 
2.32 
2.1 
3.2 
3.4 
3.4 



Table 1. Mean reconstructed masses and widths of A , H - , 
H ( i53o, H7/ 820 an d "^50 an d mass resolutions from data and 
Monte Carlo. All numbers are given in units of MeV/c 2 . 



The experimental target consisted of one copper and 
three carbon blocks arranged in a row along the beam, 
with thicknesses corresponding to 0.026 A/ and three times 
0.0083 A/, respectively. At the target, the beam had a 
width of 3 cm and a height of 1.7 cm. Microstrip detec- 
tors upstream and downstream of the target measured the 
tracks of the incoming beam particles and of the charged 
particles produced in the target blocks. The target was 
positioned 14 m upstream of the centre of the Omega 
spectrometer magnet [|l5| so that a free field decay re- 
gion of 10 m length was provided for hyperon and K$ de- 
cays. Tracks of charged particles were measured inside the 
magnet and in the field-free regions upstream and down- 
stream by MWPCs and drift chambers, with a total of 
130 planes. The Omega magnet provided a field integral 
of 7.5 Tm, and the momentum resolution achieved was 
a(p)/p 2 m 10~ 4 (GeV/c)" 1 . 

Downstream of the spectrometer, a ring-imaging Che- 
renkov detector, an electromagnetic calorimeter and a ha- 
dron calorimeter were placed. They were not used in the 
analysis presented here. 

The main trigger selected about 25% of all interac- 
tions, using multiplicities measured in microstrip counters 
upstream and downstream of the target, and in scintilla- 
tor hodoscopes and MWPCs behind the Omega magnet. 
Correlations between hits in different detectors were used 
in the trigger to increase the fraction of events with high- 
momentum particles, thus reducing background from low- 
momentum decay-pions in the beam. In addition, a re- 
duced sample of beam trigger events were recorded for 
calibration purposes. The results presented in this article 
are based on 100 million events recorded in 1993. 



3 Event selection 

In the following, we describe the event selection for the 
decays S5 530 — > S~7r + and S5 5 3 7r~. Cuts imposed 



3 
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Fig. 1. Effective mass distribution of S~ir + combinations. 



on the data sample in this analysis are very similar to 
those used in the measurement of the S - production cross 
section 0j and in the search for S° 690 ^ S~7r + decays 

First, A candidates were reconstructed from all pairs 
of positive and negative tracks which formed a vertex 
downstream of the target. The minimum distance of ap- 
proach between the tracks was required to be smaller than 
5 mm. For each candidate the effective pir~ mass and 
its error were calculated; the rms of the error was a m ~ 
2.2 MeV/c 2 . The reconstructed p7r~ mass had to be within 
±15 MeV/c 2 around the known A mass fl7|| , the error 
of the mass determination was required to be less than 
5 • cr m . 

Next, S~ candidates were selected from all pairs of 
A candidates and negative tracks which formed a vertex 
downstream of the target. Again the minimum distance 
of approach between the reconstructed A track and the 
negative track was required to be smaller than 5 mm. A 
track corresponding to the S~ track as reconstructed from 
the decay cascade had to be found in the microstrip de- 
tectors downstream of the target. This track was used in 
the reconstruction of the production vertex (see below). 
The effective A71" - mass had to be within ±15 MeV/c 2 of 
the S~ mass, for the mass resolution a value of < 5 • a m 
was required, where a m — 2.7 MeV/c 2 is the typical res- 
olution. 

Then, we required a production vertex containing at 
least one outgoing charged track in addition to the S~ 
track. The reconstructed vertex position had to be within 
a target block. In each coordinate an additional margin of 
3-cr was allowed. The transverse distance between the E~ 
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m(E° S3 7i) (GeV/c 2 ) 

Fig. 2. The E~7r + 7r - effective mass distribution in different 
if regions. The open circles show fake events generated by 
event mixing, the stars represent the background shape from 
"wrong sign" combinations. The lower parts display the ratio of 
the observed spectra and the backgrounds from event mixing. 



beam track and the production vertex was required to be 
less than 6 • a {a ~ 25/im). This requirement reduced the 
contributions from neutrons and 7r~ originating from E - 
decays upstream of the target. Events were also rejected 
if the beam track was connected to an outgoing track. 
Finally, S5 530 candidates to be used in the search for 
S° 53 Q7r _ decays were selected from all combina- 
tions of an accepted S - with a positively charged particle 
emerging from the production vertex. The reconstructed 
S~7r + mass had to be within ±10 MeV/c 2 and ±10 ■ a m 
of the S1530 mass, a m being 3.7 MeV/c 2 typically. 

4 Observed ~° 530 , Ht/ 820 and E W50 signals. 

Fig. [l] shows the S - 7r + mass distribution for all combi- 
nations of a S~ candidate with a positive particle from 
the production vertex. A clear signal of decays is 

visible. In order to estimate the number of S° 530 decays, 
the distribution was fitted by a combination of a Voigtian 
function (convolution of a Breit-Wigner and a Gauss dis- 
tribution) with a Legendre polynomial of 3rd order. The 
width of the underlying Breit-Wigner distribution was 
fixed to the known value r(S? 530 ) = 9.1 MeV/c 2 0. 
The position of the signal M = (1532.2 ± 0.5) MeV/c 2 
is in good agreement with the known value of the S5 53 q 
mass, M = (1531.8 ±0.3) MeV/c 2 0. The mass resolu- 
tion resulting from the fit in this mass region is a Data = 
3.7 MeV/c 2 , slightly higher than the value <tmc = 3.2 
MeV/c 2 obtained from a Monte Carlo simulation. The 
same 15% difference between measured and Monte Carlo 
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Xf 


Copper 


Carbon 


0.00 - 0.15 
0.15 - 0.30 
0.30 - 0.45 
0.45 - 0.60 
0.60 - 0.75 
0.75 - 0.90 


6.62 ± 0.65 
7.18 ±0.36 
6.56 ±0.34 
4.54 ±0.24 
2.24 ±0.16 
1.46 ±0.12 


1.80 ±0.17 

2.00 ±0.10 

2.01 ±0.09 
1.52 ±0.08 
0.93 ±0.05 
0.43 ±0.03 



Table 2. Differential cross section of E1530 production by E 
in copper and carbon as a function of xf in mb. 



and £1 decays (see 



mass resolutions was found for A , S 
Tab. @). 

a candidate with a negative particle from the inter- 

action vertex is presented in Fig.g. The left part of this 
figure shows the distribution for the range 0.1 < xp <1. 
An enhancement at 1820 MeV/c 2 is visible. Fig. |^b is for 
xp > 0.5. Here the signal at 1820 MeV/c 2 becomes much 
clearer and a second wider peak appears at about 1960 
MeV/c 2 . 

The subtraction of the background under the signals 
was done in the following way. We estimated the shape 
of the background distributions by "event mixing" fl8|| , 
combining the S - from one event with all n + ir~ pairs 
from another event. The true and the mixed distributions 
were normalized to each other in the mass range of 2.1- 
2.6 GeV/c 2 . The mixed distributions thus obtained are 
presented in the upper parts of Fig. || by open circles. In 
the lower panels of Fig. || we plot the ratios of the ex- 
perimental mass distribution to this background distribu- 
tion. Above 2100 MeV/c 2 the ratios are consistent with 
a constant value of one. The effective mass distributions 
of "wrong" sign combinations S*~7r + 7r + are indicated by 
the stars in the upper parts of Fig. ||. They show also no 
structure in the region of interest and - except for a nor- 
malization constant - their shapes are consistent with the 
mixed distributions. 

The resulting mass and width of the are M = 

(1817 ± 3) MeV/c 2 and r = (23 ± 13) MeV/c 2 , where 
the quoted errors are the statistical errors of the fit. The 
apparatus resolution used was 1.15 • 3.4 MeV/c 2 « 3.9 
MeV/c 2 (see Tab. 0). These values are in good agreement 
with the world average values M = (1823 ± 5) MeV/c 2 
and r = 24±{l MeV/c 2 @- 

The mass and width of the second peak are M = 
(1955 ± 6) MeV/c 2 and T = (68 ± 22) MeV/c 2 , respec- 
tively. Also these values are in agreement with the aver- 
age values from the earlier experiments, M — (1950 ± 15) 



MeV/c 2 and P = (60 ± 20) MeV/c 2 (17). It is, however 



not clear whether this signal has its origin in one or several 
states since several S* resonances were claimed to be ob- 
served in this mass region. In the following, we will treat 
the second peak as the decay of a single S1950 state. 



5 ^* production cross sections. 
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3. da/dxp [/Jo] and da/dpt [fib/ (GeV/c) 2 ] of inclusive 
production by E _ in copper and carbon. 



Pi 


Copper 


Carbon 


0.00 - 0.30 


6.03 ±0.25 


1.79 ±0.07 


0.30 - 0.60 


2.96 ±0.16 


1.02 ±0.05 


0.60 - 0.90 


1.90 ±0.13 


0.59 ±0.04 


0.90 - 1.20 


1.16 ±0.10 


0.37 ±0.03 


1.20 - 1.50 


0.86 ±0.08 


0.28 ±0.03 


1.50 - 1.80 


0.46 ±0.07 


0.17 ±0.02 


1.80 - 2.10 


0.71 ±0.10 


0.13 ±0.02 


2.10 - 2.40 


0.23 ±0.06 





Table 3. Differential cross section of S.1 530 production by E 
in copper and carbon as a function of p 2 in mb/(GeV/c) 2 . 



5.1 The S? 530 



production cross section. 



The differential cross section as a function of the Feynman 
variable Xp and the squared transverse momentum p 2 , 
were calculated using the following formula: 



a(x F ,Pt) 



3/2 



N Sl530 M 



BR{A°^ptt-) s(xp, P 2 t ) N b pi N A ' 



(1) 



Here A^a 1530 is the number of observed S1530 in the par- 
ticular region of the corresponding kinematical variables 
and e denotes the overall acceptance including reconstruc- 
tion and trigger efficiencies. Nb is the number of incoming 
beam particles tagged as £~, corrected for beam contam- 
inations (see below) and for losses due to the dead time 
of the trigger and the data acquisition system. M, p, I 
are the atomic mass, the density and the length of the 
target, respectively; Na denotes Avogadro's number. The 
branching ratio of S° 530 — > S~ n + decay is taken to be 
2/3, as given by isospin conservation. 

The S - contamination of the tagged beam was mea- 
sured to be (1.26 ± 0.07)% of the ST flux @. The produc- 
tion cross section of the Si 53 o by S~~ has been measured 
in a previous hyperon beam experiment lljj and the final 



5 



values of our measurement were corrected for this contam- 
ination. Typically, this correction amounts to 6%. 

About 12% of the tagged beam particles are fast tt~ Q . 
The cross section of S5 530 production by pions has not 
been measured by any previous experiment. In contrast, 
the production cross section of S~ by pions has been mea- 
sured in several experiments (see ^] and earlier references 
therein). From these measurements we derive a 2% con- 
tribution from pions to the S~ production in our beam. 
Assuming the same ratio to holds for S5 530 production, we 
subtracted this contribution from the final distributions. 

The tagged beam also contains a K~ contamination 
of 2.1%. The production cross section of S5 530 by K~, 
however, is known only below 16 GeV/c |19|j . It decreases 
slowly in the interval 4.2 - 16 GeV/c. Adopting the max- 
imum value of 43 fib as the production cross section at 
345 GeV/c we conclude that at most 0.4% of the observed 
■^1530 yield can be attributed to the K~ content of the 
beam, which is negligible. 

The corrected differential production cross sections are 
shown in Fig. || and listed in tables || and |3| for copper 
and carbon targets, respectively. Only fit errors are quoted 
here. The cross sections were parameterized by a function 
of the form: 



d 2 c 



dpldxF 



C(l - x F ) n ■ exp(- 



M) 



(2) 



which is based on quark counting rules and phase space 
arguments ]20| . The three parameters C, n, and b were 
assumed to be independent of pi and xf- The values of n 
and b obtained from the fits are listed in Tab. || for each 
target, and the fits are shown in the figures as straight 
lines over the fit range. No significant difference is ob- 
served between the values obtained from the copper and 
the carbon target. 

Fig. H shows the nuclear mass dependence of S° 530 
production as a function of xp (top) and pi (bottom). 
Also shown are the values observed for S~ production Q . 
The left-hand scales give the cross section ratio: 



I? 



Ac 
A C u 



(3) 



The right-hand scales shows the corresponding values of a 
in the conventional parametrization for the A dependence: 



a = a ■ A a 



(4) 



The dashed lines correspond to a=2/3 and a=l. 

The values for S~ and production are very simi- 

lar to each other and to those observed in other hadropro- 
duction processes which can be summarized as C((xf) = 
0.8 — 0.75xp + 0A5xp [^l[ (solid line in the upper part of 
Fig. ||). There is no visible dependence of a on pi . 

The total production cross sections per nucleus for cop- 
per and carbon are listed in Tab. g. The quoted errors 
include an overall systematic error stemming from uncer- 
tainties of the efficiency determination (15%), the trigger 
simulation (10%) and the corrections for beam contami- 
nations (7%). Adding the systematic errors quadratically 
we estimated the total systematic error to be 20% . 



xf 


"1820 


"1950 


0.10 - 0.25 


30.6 ± 10.8 




0.25 - 0.40 


34.7 ± 7.4 


13.8 ±5.8 


0.40 - 0.55 


21.4 ± 6.4 


4.6 ± 5.2 


0.55 - 0.70 


15.4 ± 5.1 


19.9 ±5.8 


0.70 - 0.85 


17.7 ±3.9 


26.2 ±4.5 


0.85 - 1.00 


16.9 ± 2.8 


16.5 ± 2.8 



Table 4. BR-da/dxF per nucleon [pb] of inclusive H* produc- 
tion by E~. 



Pi 


"1820 


"1950 


0.00 - 0.30 


16.7 ±4.9 


8.1 ±4.6 


0.30 - 0.60 


12.4 ±3.8 


6.7 ±3.7 


0.60 - 0.90 


14.2 ±3.6 


10.9 ±3.1 


0.90 - 1.20 


9.6 ±2.9 


8.6 ±2.5 


1.20 - 1.50 


11.4 ±2.5 


6.5 ±1.9 


1.50 - 1.80 


4.3 ±2.2 


4.4 ±2.1 


1.80 - 2.10 


4.2 ± 1.4 


3.8 ±1.6 


2.10 - 2.40 


3.6 ± 1.7 


2.7 ±0.9 



Table 5. BR-da/dpl per nucleon [/A>/ (GeV/c) 2 ] of inclusive 
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Fig. 4. Normalized ratio R of the copper and carbon cross 
section (see Eqn. |^) for h5 530 (dots) and HJ~ 320 (open squares, 
ref. ||) production by S~ as a function of x F (top) and pi 
(bottom). The right scale indicates the exponent a in case of 
an A a dependence. The solid line in the upper part marks a 
polynomial fit to a compilation of target attenuation factors 
given in ref. |2l|]. 
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0.5 0.7 0.9 0.6 1.2 1.8 2.4 

x F p 2 (GeV 2 /c 2 ) 

Fig. 5. Differential cross sections times branching ratio per 
nucleon of inclusive Ej~ g20 and S]~ 950 production by E~. The 
lines represent fits to the data according to Eqn. El 



This value corresponds to the observed kinematic range, 
0.1 < xf < 1, and was extracted by assuming equal xp 
and pt dependence of S5 690 and production. With 

our present results we are now able to estimate a possible 
systematic variation of the production cross section by cal- 
culating the ratio of the detection efficiencies of the two 
states for three different xf and p\ dependencies of the 
EE?690 production cross section, using the measured differ- 
ential production spectra of the S5 530 , Sj~ 820 and Sj~ 950 . 
The values of the parameters n and b used in the MC 
calculation were taken from Tab. [| 

The resulting inclusive production cross section mul- 
tiplied by the branching ratio is shown in Tab. 0. The 
quoted values are for the kincmatical range < xp < 1> 
the errors are statistical only. The total systematic error 
on the scale of the cross sections was estimated to be about 
25%. The values obtained range from 2.5 to 6.8 /xb. 



6 Discussion 



The total production cross section per nucleon for xf 
> was obtained by extrapolating the differential cross 
sections measured on Cu and C in each bin of xf using 
the values of a obtained in the same bin. The result is 
a = (218 ± 44) fib, where the error is dominated by the 
systematic error quoted above. 



5.2 The S 1820 and ^ 1950 production cross sections. 

The statistics of the observed 5j~ 820 and Sj~ 950 signals is 
not sufficient to measure the cross section for each target 
separately. We therefore assume that the inclusive produc- 
tion of these states has the same nuclear dependence as 
inclusive S~ and production, and analyze the data 

from the copper and carbon targets together. The differ- 
ential cross sections are again parameterized by Eqn. p[ 

Fig. H shows the differential cross section per nucleon 
multiplied by the branching ratio as a function of xf and 
p\. Only statistical errors are shown. The corresponding 
numbers are listed in tables ^ and ||. The inclusive pro- 
duction cross section per nucleon, a ■ BR and the values 
of the fit parameters n and b are listed in Tab. @. There 
are no experimental data on Sig2o or S1950 production by 
H~, or ir~ . Since, however, the correction to the total 
^1530 production cross section from the beam contami- 
nations amounts to 7% only, we neglect this correction 
here. A 7% error from the uncertainties of this correction 
is included in the total systematic error of 20%. 



5.3 The 

^1690 production cross section. 

In a previous publication pM we reported a measurement 

production of 



of g ■ BR for Si 690 



S 7r^ production relative to Hj, 



1530 



a ■ BR(El 



1690 



a ■ BR(Z° 530 - S-7T+; 



= 0.022 ± 0.005. 



In our experiment we observed four excited 5 hyperons 
under the same conditions, which gives us a unique possi- 
bility to compare their production spectra. 

In Fig. H we show the invariant cross sections for the 
observed signals including the ground state 2~ B. For the 
S^g 20 and Sj~ 950 the values plotted are the cross sections 
multiplied with the branching ratio to 'EE!{ 530 ir~ . A strong 
leading particle effect is seen for the 5 states produced. 
The comparison of the x f behaviour of the cross sections 
shows that the octet and decuplet ground states S~ and 
^■1530 are produced with similar xf spectra, with the S" 530 
cross section being smaller by a factor of about 5. The xf 
spectra of the excited states S^ g20 and S^~ g50 are signif- 
icantly harder (see Tab. ^). This nicely illustrates that 
simple quark counting rules which reflect only the quark 
flavour contents of the involved baryons (see e.g. ^]) are 
not able to describe the hyperon production. 

The pj spectra of the S5 530 shown on the right-hand 
side of Fig. |^ have an exponential shape throughout the 
observed kinematical range < p\ < 2.4 (GeV/c) 2 , with 
slope parameters b w 1.6 (GeV/c) -2 . The p 2 spectrum 
of the S~ has a similar slope with b « 2.0 (GeV/c)~ 2 
in the range < p\ < 1.0 (GeV/c) 2 , but a much harder 
pi spectrum above 1 (GeV/c) 2 corresponding to b « 0.6 
(GeV/c)~ 2 (see Fig. 5 of 0). Also the p\ spectra of the 
S^ g20 and Sj~ 950 shown in Fig. are much harder than 
that of the Sj'ggg or the soft part of the S~ spectrum. The 
slope parameters b = (0.8±0.2) (GeV/c)~ 2 for the S^ 820 
and b = (0.7±0.25) (GeV/cT 2 for the S;f 950 are close to 
the slope of the S~ distribution above 1 (GeV/c) 2 . 

Considering this agreement one may speculate whether 
decays of high lying S* resonances may contribute to the 
high-pt tail of the S~ hyperons. However, taking the de- 
crease of the hyperon mass during the decay chain into 
account, the apparent slope parameter b for the sequen- 
tially produced S~ will increase by typically a factor of 
(1820/1320) 2 w 2 to a value of about 1.5 (GeV/cT 2 . 
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Particle 


zjji events 


c [mb] 
per nucleus 


per nucleon 


n 


b 

(GeV/c) -2 


w- 

' '1320 






1000 ± 40 






copper 




16.72 ±0.21 




1.97 ±0.04 


1.90±0.04 


carbon 




5.40 ± 0.07 




2.08 ± 0.04 


2.00±0.04 


"1530 






218 ±44 






copper 


9333 ± 171 


4.3 ±0.9 




1.32 ±0.08 


1.63±0.06 


carbon 


9547 ± 157 


1.30 ±0.26 




1.21 ±0.07 


1.62±0.06 








cr-BR 






"1820 


1045 ± 116 




21 ±5 


0.2 ±0.1 


0.8±0.20 


"1950 


872 ± 137 




12 ±3 


-0.1 ±0.1 


0.7±0.25 



Table 6. Number of reconstructed events and total inclusive S* production cross sections per nucleus and nucleon. n and b are 
the fit parameters of the differential cross sections with their fit errors (see text). The data for were taken from Ref. bl. 



xf spectrum 


Cross section 


as for 


per nucleon [fib] 


"1530 


2.5 ±0.1 


"1820 


5.6 ±0.2 


"1950 


6.8 ±0.2 



Table 7. cr-BR per nucleon of inclusive H5 690 production for 
different hypotheses about the xf spectrum. 



Furthermore, the two-step decays 



"1820,1950 



"0 

"1530 7 



(5) 



contribute not more than 3% to the yield of S~ hyperons 
at large pi > 1 (GeV/c) 2 . The alternative decay chain 
S lg20 1950 — > S^ 530 7r ^ S _ 7r°7r° increases this yield by an 
additional factor 5/4. In Ref. p2| the ratio 



R 



"1820,1950 



^,7T ± ^7T7r 



"1820,1950 



-1530 



(6) 



is estimated to be 1.5 and 2.8 for Si§2o and S1950 decays, 
respectively. However, according to later observations ||23| 
which are also consistent with earlier studies |24) , the con- 
tribution via non-resonant decays S^q— ^ 'ETtt are a fac- 
tor of 3 lower than the yield resulting from the resonant 
decay chaingiven in Eqn. ^. Therefore, we take the values 
from Ref. |22f| as an upper limit and estimate that at most 
10 % of the observed S~ hyperons at high p t are decay 
products of negative 3 



LN2U 



or a 



1950 



resonances. On the 
other hand, neglecting any non-resonant decays we obtain 
a lower limit of about 4%. Of course additional higher 
lying S~* states and particularly neutral S's will add fur- 
ther contributions. Nonetheless, both the relatively low 
yield and the expected increase of the slope parameter b 
in sequential decays make it rather unlikely that sequen- 
tial decays of high-lying 2* resonances are the main origin 
of the high-p t tail of the S~ spectrum. 

The large background under the S° 690 signal does not 
allow the x f and p t spectra to be measured. We expect the 
observed decay channel S - 7r + to be the main decay chan- 
nel, since the only other possible decay channels, AK and 
S? 530 7r°, have thresholds of 1613 and 1667 MeV/c 2 re- 
spectively, and therefore a much smaller phase space than 
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Fig. 6. Invariant cross sections per nucleon of inclusive 
and H*production by E - . 



the S~7r + channel with its threshold at 1462 MeV/c 2 . 
Thus we expect the production cross section to be 2-10 
fib per nucleon in the range < xp < 1, a factor of 20 or 
more below the corresponding S5 53 g cross section. 

There is only one publication about the branching ra- 



tio of S 1820 — > Si53 7r decay giving a value 0.3 ± 0.15 [124]. 
This yields about (70 ± 35) fib per nucleon for inclusive 
S^g 20 production, which is about a factor of three below 
the S5 5 3 cross section. Nothing is known about the 
decay branching ratios. The measured value of a ■ BR = 
(12 ± 3) fib for S^gjQ production is smaller by a factor of 
2 than the corresponding value a ■ BR = (21 ± 5) fib for 
S^ g20 production. 

In Fig. |?j we compare our experimental results with 
theoretical calculations based on PYTHIA p5]l and the 
Quark-Gluon String Model (QGSM, see p6| and refer- 
ences therein). 
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IA >ZX 


^ ^ ~~ * "1 530^ 

-1 ' 1 ' 1 — h- 1 ^ 1 = 


-1 ' 1 ' 1 1 1 1 = 

nA -» E X 

V QGSM - 

\X PYTHIA 
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(x 1000) 


Tt'A -> EX 
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- 
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Fig. 7. Comparison of differential cross sections of inclusive 

3 hyperons production with PYTHIA ( ) and QGSM( 

— ) predictions. The QGSM cross sections for excited H's were 
normalized to measured value. The solid lines represent the fit 
to the data according to Eqn. 0. 



We have used PYTHIA with its default set of param- 
eters, and made no effort to adjust them to better fit 
the experimental data (for reasons to be explained later). 
Among the essential details, we only mention the inclu- 
sion of elastic and diffraction processes (PYTHIA option 
MSEL=2) and the usage of the Lund string fragmentation 
algorithm. The latter is closer to the QGSM ideology than 
'independent' or 'cluster' fragmentation. The striking dif- 
ference between the calculated cross sections, cte^b versus 
a a — >s and ov^s, is due to the hierarchy of probabilities 
that PYTHIA attributes to the various species of quarks 
and diquarks appearing from the colour string fragmenta- 
tion. The creation of a doubly strange diquark ss (which 
is necessary to produce H's from it or n) is suppressed rel- 
ative to the creation of a single strange quark (which is 
sufficient to form a 5 from a S) by a factor of 30. Such a 
suppression is also responsible for the relatively low abun- 
dance of 5 at xf — in the case of S beams. 

Changing PYTHIA's default parameters in order to 
reach agreement with the data presented here, one would 
lose the consistency with other experimental results. For 
example reducing the suppression of doubly strange di- 
quarks with respect to singly strange and non-strange di- 
quarks one would no longer reproduce the cross section 
ratios observed in S/A/p inclusive production by pro- 
tons Q|. A suppression of all diquarks with respect to 
single quarks would deteriorate the baryon to meson mul- 
tiplicity ratios |27],|2|]. Reducing the probability of single 
strange quark creation would cause difficulties with K/n 
and A/p ratios in the proton |^8) and pion |2^] beams. 

The Quark-Gluon String Model offers two free parame- 
ters (for each isotopic family) that are the absolute proba- 
bilities to form the final state baryon via different fragmen- 



tation mechanisms. The baryon may be produced either 
directly from the beam diquark, or indirectly, in a remote 
part of the colour string (this includes quark, antiquark 
and antidiquark fragmentation cases) . Although the abso- 
lute normalization of these two contributions is arbitrary, 
their xp behaviour is strictly defined in the model. We 
have used the normalization freedom to tune the model 
to the S1320 production in E~ induced reactions on car- 
bon. 

However, the QGSM predicts a stronger leading parti- 
cle effect in the production of 5 hyperons by neutrons than 
observed experimentally |{J . This discrepancy has its ori- 
gin in the so called 'baryon junction' which is introduced 
in the QGSM. The junction is considered to be as impor- 
tant for the baryon colour structure as the valence quarks 
themselves. The transmission of a junction from the pro- 
jectile to a final state baryon creates a strong 'leading 
particle effect' even for a neutron beam, though neutrons 
have only a single quark in common with 2 hyperons. 

With respect to the production of excited hyperon res- 
onances, we have extended the original QGSM version 
by introducing a new assumption that the fragmentation 
into an excited state proceeds by an exchange of a shifted 
Regge trajectory (e.g., A or N*) rather than by the or- 
dinary nucleon trajectory. Then, the fragmentation func- 
tions acquire an extra factor, thus shifting in the same 
sense the xf spectra. The absolute normalization of the 
production cross section still remains a free parameter 
that cannot be calculated within the theory. With the 
modification mentioned, the model appears to reproduce 
qualitatively the different shapes of the observed distribu- 
tions. 

To summarize we have studied the production of sev- 
eral S* resonances in S~ - nucleus collisions at 345 GeV/c . 
The cross section for inclusive production is about 

a factor of 5 below that of Hj~ 32 Q hyperons. The prod- 
ucts of cross section and branching ratio for the observed 

channels ^? 690 — > ^ tt + , ^1820 ~~* "lsao 71 " an d "1950 — * 
^i 530 tt~ are lower by yet another order of magnitude. The 
S^ 820 and Sj~ 950 resonances show significantly harder Xp 
and pt distributions than S~ and H° 530 hyperons. A com- 
parison of the measured xp distributions to PYTHIA and 
QGSM predictions provides only a partial agreement. 
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